M1071.1866 

METHOD FOR MAKING RAW DIELECTRIC CERAMIC POWDER- 
DIELECTRIC CER AMIC. AND MONOLITHTC CERAMIC CAPACITOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to methods for making raw dielectric ceramic 
powders, dielectric ceramics produced by molding and firing the raw dielectric 
ceramic powders produced by the methods, and monolithic ceramic capacitors 
fabricated using the dielectric ceramics. More particularly, the invention relates to a 
method for making a raw dielectric ceramic powder which has a fine grain size and 
which is excellent in composition homogeneity, and thereby the thickness of dielectric 
ceramic layers can be decreased in a monolithic ceramic capacitor. 

2. Description of the Related Art 

A monolithic ceramic capacitor is usually fabricated by the following method. 

First, ceramic green sheets containing a raw dielectric ceramic powder are 
prepared, in which the surface of each sheet is provided with a conductive material for 
forming an internal electrode with a predetermined pattern. As the raw dielectric 
ceramic powder, for example, a powder with a composition of BaTi0 3 can be used. 

Next, a plurality of ceramic green sheets including the ceramic green sheets 
provided with the conductive material are stacked and thermocompression-bonded to 
each other, and an integrated green laminate is thereby produced. 

The green laminate is then fired, and a sintered laminate is thereby produced. 
Internal electrodes composed of the conductive material are present in the resultant 
laminate. 

External electrodes are then formed on the exterior surface of the laminate so 
as to be electrically connected to the predetermined internal electrodes. The external 
electrodes are formed, for example, by applying a conductive paste containing a 
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conductive metal powder and a glass frit on the exterior surface of the laminate, 
followed by baking. 

A monolithic capacitor is thereby completed. 

As a part of recent developments in electronics technology, electronic 
5 components are rapidly miniaturized. Accordingly, monolithic ceramic capacitors are 
also miniaturized and the capacitance thereof is increasing. In order to miniaturize 
monolithic ceramic capacitors and to increase the capacitance thereof, it is effective to 
decrease the thicknesses of the dielectric ceramic layers. 

In order to decrease the thicknesses of the dielectric ceramic layers, it is 

10 important that the raw dielectric ceramic powder is homogeneous. For example, in 
order to obtain a BaTi0 3 -based raw dielectric ceramic powder, in a conventional 
method, a BaC0 3 powder and a Ti0 2 powder are mixed and calcined to cause a solid 
phase reaction, and thereby BaTi0 3 is synthesized. It is most important to disperse 
the BaC0 3 powder and the Ti0 2 powder as homogeneously as possible in order to 

15 prepare a homogeneous BaTi0 3 -based raw dielectric ceramic powder by such a solid 
phase reaction. In order to homogeneously disperse the BaC0 3 powder and the Ti0 2 
powder, the specific surface areas of these powders are often increased, or a 
processing including mechanical pulverization, such as a dispersion method using 
media, is often performed. 

20 Japanese Unexamined Patent Application Publication No. 7-11 8062 also 

discloses a method for producing a BaTi0 3 -based semiconductor ceramic composition 
in which a BaC0 3 powder with an average grain size of 0.5 to 1 .4 fim and a Ti0 2 
powder with an average grain size of 0.5 to 1.1 /xm together with an anionic organic 
dispersant are mixed. According to this document, the advantage is in that, the BaC0 3 

25 powder and the Ti0 2 powder, each having a fine grain size, can be mixed 

homogeneously while avoiding agglomeration thereof by adding the anionic organic 
dispersant during mixing of the two powders. 
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However, even if the refined BaC0 3 powder and Ti0 2 powder are 
homogeneously dispersed as described above, the BaC0 3 grains easily grow in the 
calcination step for synthesizing the BaTi0 3 from BaC0 3 and Ti0 2 . Therefore, there 
may be a case in which the BaC0 3 grains grow before reaction with Ti0 2 , and a 
5 homogeneous reaction with Ti0 2 does not easily proceed. 

Although the case in which the BaTi0 3 -based raw powder is used as the raw 
dielectric ceramic powder has been described above, similar problems may be 
encountered with respect to a method for producing a raw dielectric ceramic powder in 
general, such as a method for producing a raw dielectric ceramic powder having a 
10 composition represented by the general formula AB0 3 , wherein A is at least one of 
Ba, Ca, Sr and Mg, and B is at least one of Ti and Zr, in which a carbonate powder of 
A and an oxide powder of B are mixed and calcined to synthesize AB0 3 . 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for making a raw 
15 dielectric ceramic powder, a dielectric ceramic produced by molding and firing the 
raw dielectric ceramic powder produced by the method, and a monolithic ceramic 
capacitor fabricated by using the dielectric ceramic, which can overcome the problems 
described above. 

In one aspect, the present invention is directed to a method for making a raw 
20 dielectric ceramic powder having a composition represented by the general formula 

AB0 3 , wherein A is at least one element selected from the group consisting of Ba, Ca, 
Sr and Mg, and B is at least one element selected from the group consisting of Ti and 
Zr. In order to overcome the technical problems described above, the method of the 
present invention is characterized by the following features. 
25 That is, the method for making the raw dielectric ceramic powder of the 

present invention includes the steps of allowing a carbonate powder of A to adsorb an 
organic polymer compound to produce an organic carbonate powder containing the 
adsorbed organic polymer compound, mixing the organic carbonate powder with an 
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oxide powder of B to prepare a mixed powder, and then calcining the mixed powder. 

The raw dielectric ceramic powder is thereby produced. 

Allowing the carbonate powder of A to adsorb the organic polymer 

compound is preferably carried out by the step of preparing a slurry of the carbonate 
5 powder of A dispersed in a solution containing the organic polymer compound and 

thereafter removing a solvent contained in the slurry to produce the organic carbonate 

powder containing the adsorbed organic polymer compound. 

In the method for making the raw dielectric ceramic powder of the present 

invention, preferably, the organic polymer compound has a weight average molecular 
10 weight in the range of about 1 ,000 to 1 00,000. 

Preferably, the carbonate powder is a BaC0 3 powder with a specific surface 

area of about 10 m 2 /g or more. The amount of the organic polymer compound 

adsorbed is preferably in the range of about 0.1% to 5.0% by weight of the amount of 

the carbonate powder. 
15 In another aspect, the present invention is directed to a dielectric ceramic 

produced by molding and firing the raw dielectric ceramic powder obtained by the 

method described above. 

In another aspect, the present invention is directed to a monolithic ceramic 

capacitor fabricated by using the dielectric ceramic described above. 
20 The monolithic ceramic capacitor of the present invention includes a laminate 

including a plurality of dielectric ceramic layers and internal electrodes extending 

along the predetermined interfaces between the dielectric ceramic layers, and external 

electrodes disposed on the exterior surface of the laminate so as to be electrically 

connected to the predetermined internal electrodes. The monolithic ceramic capacitor 
25 of the present invention is characterized in that the dielectric ceramic layers are 

composed of the dielectric ceramic described above. 

In another aspect, the present invention is directed to a method for making a 

dielectric ceramic. The method includes the steps of allowing a carbonate powder of 

A to adsorb an organic polymer compound to produce an organic carbonate powder 
30 containing the adsorbed organic polymer compound, wherein A is at least one element 

84555 v1; 1T8R01I.DOC 
M1071.1866 (515-0463/OZ) 



-5- 



selected from the group consisting of Ba, Ca, Sr and Mg; mixing the organic carbonate 
powder and an oxide powder of B to prepare a mixed powder, wherein B is at least 
one element selected from the group consisting of Ti and Zr; calcining the mixed 
powder to produce a raw dielectric ceramic powder having a composition represented 
5 by the general formula AB0 3 ; adding a binder and a solvent to the raw dielectric 
ceramic powder to prepare a ceramic slurry; molding the ceramic slurry to form a 
green dielectric ceramic compact; and firing the green dielectric ceramic compact. 

In another aspect, the present invention is directed to a method for fabricating a 
monolithic ceramic capacitor. The method includes the steps of allowing a carbonate 

10 powder of A to adsorb an organic polymer compound to produce an organic carbonate 
powder containing the adsorbed organic polymer compound, wherein A is at least one 
element selected from the group consisting of Ba, Ca, Sr and Mg; mixing the organic 
carbonate powder and an oxide powder of B to prepare a mixed powder, wherein B is 
at least one element selected from the group consisting of Ti and Zr; calcining the 

15 mixed powder to produce a raw dielectric ceramic powder having a composition 
represented by the general formula AB0 3 ; adding a binder and a solvent to the raw 
dielectric ceramic powder to prepare a ceramic slurry; forming a green ceramic 
laminate including a plurality of green ceramic layers formed by molding the ceramic 
slurry and internal electrodes extending along the predetermined interfaces of the 

20 ceramic layers; and firing the green ceramic laminate. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross-sectional view which schematically shows a monolithic 
ceramic capacitor in an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 As shown in FIG. 1, a monolithic ceramic capacitor 1 includes a laminate 2. 

The laminate 2 includes a plurality of dielectric ceramic layers 3 and a plurality of 
internal electrodes 4 and 5 extending along the predetermined interfaces between the 
plurality of dielectric ceramic layers 3. The internal electrodes 4 and 5 are disposed so 
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as to extend to the exterior surface of the laminate 2. The internal electrodes 4 which 
extend to one end face 6 and the internal electrodes 5 which extend to the other end 
face 7 are alternately arranged in the laminate 2. 

External electrodes 8 and 9 are disposed on the end faces 6 and 7 of the 
5 exterior surface of the laminate 2, respectively. First plating layers 10 and 1 1 

composed of nickel, copper or the like, are disposed on the external electrodes 8 and 9, 
respectively, and second plating layers 12 and 13 composed of solder, tin or the like, 
are disposed further thereon, respectively. 

In such a monolithic ceramic capacitor 1, the dielectric ceramic layer 3 is 

10 formed by firing a ceramic green sheet which is prepared by molding a ceramic slurry 
containing a raw dielectric ceramic powder having a composition represented by the 
general formula AB0 3 , wherein A is at least one element selected from the group 
consisting of Ba, Ca, Sr and Mg, and B is at least one element selected from the group 
consisting of Ti and Zr, such as BaTi0 3 . The raw dielectric ceramic powder is 

15 produced by the following method. 

First, the step of allowing a carbonate powder of A to adsorb an organic 
polymer compound to produce an organic carbonate powder containing the adsorbed 
organic polymer compound is carried out. In order to carry out this step, preferably, 
for example, a slurry in which the carbonate powder of A is dispersed in a solution 

20 containing the organic polymer compound is prepared, and then a solvent contained in 
the slurry is removed by drying or the like. Any convenient solvent(s) which dissolve 
the polymer but do not substantially dissolve the carbonate can be used. The solvent 
can be water, an organic solvent such as ethanol, isopropanol, toluene, xylene, 
acetone, and the like, or mixtures thereof. Thereby, the organic carbonate powder 

25 containing the organic polymer compound adsorbed onto the surface of the carbonate 
powder is produced. As necessary, the organic carbonate powder containing the 
adsorbed organic polymer compound is subjected to a heat treatment to firmly fix the 
polymer on the surface of the carbonate powder. Such treatment can be done at any 
temperature at which the absorbed polymer is not altered for 0.5 to 3 hours. 

30 
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Next, the step of mixing the organic carbonate powder containing the adsorbed 
organic polymer compound and an oxide powder of B to prepare a mixed powder is 
carried out. The step of calcining the mixed powder is then carried out, and a raw 
dielectric ceramic powder is thereby produced. 
5 In such a production method, sintering and grain growth of the carbonate 

powder of A are inhibited in the calcination step since the organic carbonate powder 
containing the adsorbed organic polymer compound is used as the carbonate powder 
of A. Consequently, calcination can be performed in a state in which the carbonate of 
A and the oxide of B are homogeneously dispersed while maintaining the fine grain 

10 size of the carbonate powder of A. As a result, it is possible to produce an AB0 3 - 

based raw dielectric ceramic powder which has a fine grain size and which is excellent 
in composition homogeneity. 

The amount of the organic polymer compound adsorbed is not particularly 
limited. If the amount of adsorption is too small, a desired effect is not obtained. If 

15 the amount of adsorption is too large, there is a possibility of an increase in production 
cost because the heat treatment profile must be precisely controlled in order to 
pyrolyze the organic substances sufficiently, etc. In consideration of these factors, the 
amount of adsorption of the organic polymer compound is preferably in the range of 
0.1% to 5.0% by weight, and more preferably in the range of about 0.3% to 2.0% by 

20 weight. 

The molecular weight of the organic polymer compound used is preferably in 
the range of about 1,000 to 100,000. If the molecular weight is less than about 1,000, 
the organic polymer compound is decomposed before the effect of the organic 
polymer compound is displayed in the synthesis of AB0 3 . On the other hand, if the 

25 molecular weight exceeds about 100,000, pyrolysis does not easily occur, and the 

amount of residual carbon increases in the dielectric ceramic after firing, which may 
adversely affect the characteristics of the monolithic ceramic capacitor 1. Preferably, 
the organic polymer compound contains at least one functional group selected from 
the group consisting of a carboxyl group, a vinyl group an acrylic group, and an epoxy 

30 group. If the molecular weight of the organic polymer compound is in the range 
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described above and the organic polymer compound contains the functional group 
described above, the organic polymer compound is efficiently adsorbed onto the 
carbonate powder, and sintering and grain growth of the carbonate powder of A are 
inhibited more effectively in the calcination step. 
5 In order to produce a BaTi0 3 -based raw dielectric ceramic powder, usually, a 

BaC0 3 powder is used as the carbonate powder of A and a Ti0 2 powder is used as the 
oxide powder of B. Preferably, the BaC0 3 powder has a specific surface area of about 
10 m 2 /g or more. By setting the specific surface area at about 10 m 2 /g or more, the 
effects brought about by the organic polymer compound are more remarkably 

10 displayed. The specific surface area of the BaC0 3 powder is preferably about 10 to 80 
m 2 /g, and more preferably about 10 to 40 m 2 /g. 

The carbonate powder, which is a carbonate powder of at least one of Ba, Ca, 
Sr and Mg, and which contains an organic polymer compound with a molecular 
weight of about 1,000 to 100,000 adsorbed onto the surface, the amount of the organic 

15 polymer compound adsorbed being about 0.1% to 5.0% of the amount of the carbonate 
powder, is particularly favorably used in the production of the raw dielectric ceramic 
powder. 

A method for fabricating the monolithic ceramic capacitor 1 shown in FIG. 1 
using the raw dielectric ceramic powder produced as described above will now be 
20 described . 

First, an organic binder and a solvent are added to the raw dielectric ceramic 
powder produced as described above, and mixing is performed to prepare a ceramic 
slurry. By forming the ceramic slurry into sheets, ceramic green sheets for the 
dielectric ceramic layers 3, i.e., green dielectric ceramic compacts, are prepared. 
25 Additionally, as necessary, a rare-earth element, Mn, a sintering aid, etc., may be 
added to the ceramic slurry. 

Next, conductive paste films for the internal electrodes 4 or 5 are formed on 
the predetermined ceramic green sheets, for example, by screen-printing. 
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Next, a plurality of ceramic green sheets including the ceramic green sheets 
provided with the conductive paste films are stacked and thermocompression-bonded 
to each other, and as necessary, cutting is performed. A green ceramic laminate is 
thereby obtained, which includes the plurality of ceramic green sheets and the 
5 conductive paste films for the internal electrodes 4 and 5 extending along the 

predetermined interfaces between the ceramic green sheets. In the green ceramic 
laminate, the edges of the conductive paste films are exposed to either one of the end 
faces of the green ceramic laminate. 

The green ceramic laminate is then fired. Thereby, the sintered laminate 2 
10 shown in FIG. 1 is obtained. In the laminate 2, the ceramic green sheets constitute the 
dielectric ceramic layers 3, and the conductive paste films constitute the internal 
electrodes 4 and 5. 

Next, a conductive paste is applied to the end faces 6 and 7 of the laminate 2 so 
as to be electrically connected to the exposed edges of the internal electrodes 4 and 5, 
15 respectively, followed by baking. The external electrodes 8 and 9 are thereby formed. 

Next, as necessary, by plating the external electrodes 8 and 9 with nickel, 
copper or the like, the first plating layers 10 and 1 1 are formed. By plating the first 
plating layers 10 and 1 1 with solder, tin or the like, the second plating layers 12 and 13 
are formed. 

20 Thereby, the monolithic ceramic capacitor 1 is completed. 

With respect to the monolithic ceramic capacitor 1 thus obtained, since the fine 
grain size and composition homogeneity in the raw powder are maintained in the 
dielectric ceramic constituting the dielectric ceramic layers 3, the crystal grain size is 
small and the grain size distribution is sharp. Consequently, it is possible to minimize 

25 the variation in the electric characteristics of the monolithic ceramic capacitor 1 due to 
the variation in the crystal grain size. This effect is more remarkably displayed as the 
thicknesses of the dielectric ceramic layers 3 are decreased and the number of 
dielectric ceramic layers 3 laminated is increased. Therefore, the reduction in size and 
the increase in the capacitance of the monolithic ceramic capacitor 1 can be achieved 

30 advantageously. 
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Next, the examples of experiments performed in order to confirm the effects of 
the present invention will be described below. 

EXAMPLES 

1 . Experiment for production of raw dielectric ceramic powder 
5 Example 1 

As starting materials, a BaC0 3 powder with a specific surface area of 18 m 2 /g 
which contained 0.8% by weight of a poly( vinyl butyral)-based organic polymer 
compound having a molecular weight of approximately 21,000 adsorbed, and a Ti0 2 
powder with a specific surface area of 20 m 2 /g were each weighed so that the molar 
10 ratio Ba/Ti was 1 .000, and these powders were wet-mixed. The resultant mixed 

powder was dried, and then calcined at 1,100°C for 2 hours in a batch-type furnace. 
Next, by pulverizing the resultant calcine with a dry pulverizer, a barium titanate- 
based raw dielectric ceramic powder was produced. 

Comparative Example 1 
15 A barium titanate-based raw dielectric ceramic powder was produced under the 

same conditions as those in Example 1 except that a BaC0 3 powder which did not 
contain the adsorbed poly( vinyl butyral)-based organic polymer compound was used 
as a starting material. 

Example 2 

20 As starting materials, a BaC0 3 powder with a specific surface area of 12 m 2 /g 

which contained 1 .3% by weight of a polycarboxylic acid ammonium salt-based 
organic polymer compound having a molecular weight of approximately 10,000 
adsorbed, and a Ti0 2 powder with a specific surface area of 10 m 2 /g were each 
weighed so that the molar ratio Ba/Ti was 1.000, and these powders were wet-mixed. 

25 The resultant mixed powder was dried, and then calcined at 1,100°C for 2 hours in a 
batch-type furnace. Next, by pulverizing the resultant calcine with a dry pulverizer, a 
barium titanate-based raw dielectric ceramic powder was produced. 
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Comparative Example 2 

A barium titanate-based raw dielectric ceramic powder was produced under the 
same conditions as those in Example 2 except that a BaC0 3 powder which did not 
contain the adsorbed polycarboxylic acid ammonium salt-based organic polymer 
5 compound was used as a starting material. 

Example 3 

As starting materials, a BaC0 3 powder with a specific surface area of 25 m 2 /g 
which contained 1 % by weight of a styrene-maleic anhydride copolymer-type 
polymeric surfactant having a molecular weight of approximately 15,000 adsorbed, a 

10 CaC0 3 powder having a specific surface area of 30 m 2 /g which contained 1% by 
weight of styrene-maleic anhydride copolymer-type polymeric surfactant similarly 
adsorbed, and a Ti0 2 powder with a specific surface area of 15 m 2 /g were each 
weighed so as to satisfy the molar ratio of (Bao 95 Ca 0 000 TiO 3 , and these powders 
were wet-mixed. The resultant mixed powder was dried, and then calcined at 1,100°C 

15 for 2 hours in a batch-type furnace. Next, by pulverizing the resultant calcine with a 
dry pulverizer, a Ca-modified barium titanate-based raw dielectric ceramic powder 
was produced. 

Comparative Example 3 

A Ca-modified barium titanate-based raw dielectric ceramic powder was 
20 produced under the same conditions as those in Example 3 except that a BaC0 3 

powder and a CaC0 3 powder which did not contain the adsorbed polymeric surfactant 
were used as starting materials. 

Example 4 

25 As starting materials, a CaC0 3 powder with a specific surface area of 5 m 2 /g 

which contained 0.9% by weight of an epoxy resin having a molecular weight of 
approximately 7,000 adsorbed, and a Zr0 2 powder with a specific surface area of 31 
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m 2 /g were each weighed so that the molar ratio Ca/Zr was 0.999, and these powders 
were wet-mixed. The resultant mixed powder was dried, and then calcined at 1,200°C 
for 2 hours in a batch-type furnace. Next, by pulverizing the resultant calcine with a 
dry pulverizer, a calcium zirconate-based raw dielectric ceramic powder was 
5 produced. 

Comparative Example 4 

A calcium zirconate-based raw dielectric ceramic powder was produced under 
the same conditions as those in Example 4 except that a CaC0 3 powder which did not 
contain the adsorbed epoxy resin was used as a starting material. 

10 Example 5 

As starting materials, a BaC0 3 powder with a specific surface area of 19 m 2 /g 
which contained 1.1% by weight of poly(methyl methacrylate) having a molecular 
weight of approximately 9,000 adsorbed, a CaC0 3 powder having a specific surface 
area of 30 m 2 /g which contained 1 .1% by weight of poly(methyl methacrylate) 

15 similarly adsorbed, and a Ti0 2 powder with a specific surface area of 20 m 2 /g were 
each weighed so as to satisfy the molar ratio of (Bao 92 Ca 0 og)! 001 (Zr 0 2 Ti 0 8 )0 3 , and 
these powders were wet-mixed. The resultant mixed powder was dried, and then 
calcined at 1,150°C for 2 hours in a batch-type furnace. Next, by pulverizing the 
resultant calcine with a dry pulverizer, a Ca-modified barium zirconate titanate-based 

20 raw dielectric ceramic powder was produced. 

Comparative Example 5 

A Ca-modified barium zirconate titanate-based raw dielectric ceramic powder 
was produced under the same conditions as those in Example 5 except that a BaC0 3 
powder and a CaC0 3 powder which did not contain the adsorbed poly(methyl 
25 methacrylate) were used as starting materials. 
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Example 6 

A barium titanate-based raw dielectric ceramic powder was produced under the 
same conditions as those in Example 2 except that a BaC0 3 powder with a specific 
surface area of 6 m 2 /g which contained 1.3% by weight of a polycarboxylic acid 
5 ammonium salt-based organic polymer compound with a molecular weight of 
approximately 10,000 adsorbed was used as a starting material. 

Evaluation 

With respect to the raw dielectric ceramic powders produced in Examples 1 to 
6 and Comparative Examples 1 to 5, the specific surface area (SS), the grain size 
10 distribution (D 90 ), and the molar ratio variation were measured as shown in Table 1. 

The specific surface area (SS) was measured by the BET process. The grain 
size distribution (D 90 ) was measured using a laser-diffraction grain size distribution 
analyzer. With respect to the molar ratio variation, the molar ratios often primary 
particles were measured by a TEM, and the difference between the maximum value 
15 and the minimum value was defined as the variation. 



Table 1 





SS (m2/g) 


D 90 Ozm) 


Molar ratio variation 


Example 1 


5.80 


0.78 


0.007 


Comparative 
Example 1 


4.51 


1.02 


0.015 


Example 2 


5.13 


0.82 


0.005 


Comparative 
Example 2 


4.03 


1.13 


0.011 


Example 3 


4.88 


0.85 


0.005 


Comparative 
Example 3 


3.54 


2.07 


0.015 


Example 4 


6.82 


0.96 


0.008 


Comparative 
Example 4 


5.77 


1.35 


0.020 


Example 5 


6.13 


0.88 


0.007 
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Comparative 
Example 5 


5.33 


1.21 


0.025 


Example 6 


4.91 


0.95 


0.009 



As is evident from Table 1, the grain size distributions (D 90 ) and molar ratio 
distributions of the resultant raw dielectric ceramic powders are improved and the 
resultant raw dielectric ceramic powders are homogeneous with fine grain sizes in 
5 Examples 1 to 6 in which the carbonate powders containing the adsorbed organic 
polymer compounds are used as starting materials, compared to Comparative 
Examples 1 to 5 in which the carbonate powders not containing the adsorbed organic 
polymer compounds are used. 

As is also evident from Table 1, Example 2 and Example 6 differ only in the 
10 specific surface area of the BaC0 3 powder employed the starting material. In 

Example 2 with a specific surface area of 10 m 2 /g or more, the effects described above 
are more remarkably displayed compared to Example 6 with a specific surface area of 
less than 10 m 2 /g. 

15 2. Experiment for fabrication of monolithic ceramic capacitor 

Example 

A rare-earth element, Mn, and a sintering aid were added to the barium 
titanate-based raw dielectric ceramic powder produced in Example 1 so that the 
capacitance temperature characteristics of the composition satisfied the X7R 
20 characteristics stipulated in the EIA standard. A poly(vinyl butyral)-based binder and 
an organic solvent, such as ethanol, were added thereto, and wet-mixing was 
performed using a ball mill. A ceramic slurry was thereby prepared. 

Next, the ceramic slurry was formed into sheets by a gravure coating method 
so that the sintered dielectric ceramic layers had a thickness of 2.5 fim. Ceramic green 
25 sheets were thereby produced. 
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A conductive paste containing nickel as a conductive component was screen- 
printed onto the ceramic green sheets to form conductive paste films for internal 
electrodes. 

Next, a plurality of ceramic green sheets including the ceramic green sheets 
5 provided with the conductive paste films were laminated so that the conductive paste 
films were exposed to the alternate end faces. A green laminate was thereby 
produced. 

Next, the green laminate was heated to 280°C to burn out the binder, and was 
fired at 1,200°C for 2 hours in a reducing atmosphere comprising gases of H 2 , N 2 and 
10 H 2 0. A sintered laminate was thereby produced. 

A conductive paste containing a B 2 03-Li 2 0-Si02-BaO-based glass frit and 
containing silver as a conductive component was applied to both end faces of the 
laminate, and baking was performed at 800°C in a nitrogen atmosphere. External 
electrodes which were electrically connected to the internal electrodes were thereby 
15 formed. 

A monolithic ceramic capacitor was fabricated as described above, in which 
five dielectric ceramic layers were interposed between the internal electrodes, each 
dielectric ceramic layer having a thickness of 2.5 /mi, and the area of the counter 
electrode per layer was 2.85 mm 2 . 

20 Comparative Example 

A monolithic ceramic capacitor in Comparative Example was fabricated under 
the same conditions as those in Example except that a barium titanate-based raw 
dielectric ceramic powder produced in Comparative Example 1 was used. 

25 Evaluation 

With respect to the monolithic ceramic capacitors produced in Example and 
Comparative Example, the relative dielectric constant (e) and the insulation resistance 
(log IR) at room temperature were measured and the results are shown in Table 2. 
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The relative dielectric constant (e) was calculated based on the capacitance 
measured by an LCR meter at 1 kHz and 0.5 V^. The insulation resistance (log IR) 
was calculated based on the resistance (Q) measured after application of a voltage of 
6.3 V for 120 seconds. Measurement was carried out for 40 samples each, and the 
5 mean value and the variation (3CV) were calculated. The variation (3CV) was 
calculated according the following equation. 



3CV = 3 x (a/mean value) x 100 
Table 2 







loglR 


Mean value 


3CV (%) 


Mean value 


3CV (%) 


Example 


2,030 


2.0 


11.3 


0.5 


Comparative 
Example 


2,010 


5.4 


10.7 


10.2 



As is evident from Table 2, the variations in electrical characteristics of the 
10 monolithic ceramic capacitor are smaller in the Example than those in Comparative 
Example. Consequently, it is obvious that the raw dielectric ceramic powder 
according to Example 1 used for fabricating the monolithic ceramic capacitor in the 
Example maintains the fine crystal grain size and the sharp grain size distribution even 
after firing. 

15 In accordance with the method for making the raw dielectric ceramic powder 

of the present invention, since the carbonate powder containing the adsorbed organic 
polymer compound is used as the carbonate powder of A, sintering and grain growth 
of the carbonate powder of A are inhibited in the calcination step for synthesis of 
AB0 3 . Consequently, calcination can be performed in a state in which the carbonate 

20 of A and the oxide of B are homogeneously dispersed while maintaining the fine grain 
size of the carbonate powder of A. As a result, it is possible to produce an ABO3- 
based raw dielectric ceramic powder which has a fine grain size and which is excellent 
in composition homogeneity. 
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When the carbonate powder of A is allowed to adsorb the organic polymer 
compound by preparing a slurry in which the carbonate powder of A is dispersed in a 
solution containing the organic polymer compound and by removing a solvent 
contained in the slurry, it is possible to efficiently produce the organic carbonate 
5 powder containing the organic polymer compound adsorbed onto the surface of the 
carbonate powder. 

If the molecular weight of the organic polymer compound used in the method 
for making the raw dielectric ceramic powder of the present invention is in the range 
of about 1,000 to 100,000, it is possible to reliably prevent the phenomenon in that the 

10 organic polymer compound is decomposed before the effect of the organic polymer 
compound is displayed in the synthesis of AB0 3 , or in that the organic polymer 
compound is not easily pyrolyzed, and the amount of residual carbon increases in the 
dielectric ceramic after firing, which may adversely affect the characteristics of the 
resultant monolithic ceramic capacitor. 

15 In the method for making the raw dielectric ceramic powder of the present 

invention, if a BaC0 3 powder with a specific surface area of about 10 m 2 /g or more is 
used as the carbonate powder of A, the effects brought about by the organic polymer 
compound are more remarkably displayed. 

In accordance with the dielectric ceramic of the present invention, the fine 

20 grain size and composition homogeneity of the raw powder are maintained since the 
dielectric ceramic is obtained by molding and firing the raw dielectric ceramic powder 
produced by the method described above,. Therefore, the crystal grain size is small 
and the grain size distribution is sharp. 

Consequently, it is possible to minimize the variation in the electric 

25 characteristics due to the variation in the crystal grain size by fabricating a monolithic 
ceramic capacitor using the dielectric ceramic described above. This effect is more 
remarkable displayed as the thicknesses of the dielectric ceramic layers are decreased 
and the number of dielectric ceramic layers is increased. Therefore, the reduction in 
size and the increase in the capacitance of the monolithic ceramic capacitor can be 

30 achieved advantageously. 
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